The Restinga forests of southern Bahia state, Brazil, grow on sandy coastal Quaternary sediments. As their floras are relatively poorly known, the present study assessed their floristic compositions. We surveyed four sites at Maraú and Itacaré and identified 302 angiosperm species belonging to 184 genera of 75 families. The most species rich families were: Fabaceae (35 species), Myrtaceae (25), Rubiaceae (21), Sapotaceae (13), Bromeliaceae (12), Annonaceae (11), Erythroxylaceae (10), Melastomataceae (9), and Apocynaceae (8). Local floras include elements with distributions restricted to the Atlantic Forest domain, those disjunct between the Amazon and Atlantic Forest domains, and those also occurring in moist forests and dry vegetation of central Brazil. The hypothesis that the floristic compositions of restinga forests are influenced by neighboring wet forests was tested using cluster and principal component analyses of eleven restinga forests and nine Atlantic wet forest sites. The results supported five main groups, with most of them including both restinga forests and their adjacent wet forest sites, thus corroborating the hypothesis that wet forests in geographical proximity greatly influence the floristic compositions of restinga forests. Key-word: coastal vegetation, Atlantic Forest domain, flora, similarity.
Introduction
The word "Restinga" designates vegetation established on sandy Quaternary substrates subject to marine or fluvial-marine influences (Flexor et al. 1984; Sugiyama 1998 ). This definition encompasses a variety of plant communities that can vary greatly in terms of their physiognomic, floristic, and structural features (Assis et al. 2004) . These vegetation complexes are organized along a sea-to-continent gradient, with positive correlations between species richness and size (Araújo 2000) .
Restinga vegetation has great ecological value, serving as shelter for plant populations that are rare in other forest types in the Atlantic Forest domain (hereinafter Atlantic domain; Scarano 2009 ) and for endangered animals (Rocha et al. 2005 ) -and are used by traditional coastal communities for food, medicines, and raw materials for craft work (Menezes et al. 2009 ). These vegetation forms are also responsible for the maintenance of water resources (Dorneles & Weachter 2004; Scherer et al. 2005) .
Despite their great social and ecological importance, Restingas are some of the least-known vegetation types in Brazil in terms of their diversity and conservation status (Rocha et al. 2005) , and basic information about areas occupied by Restinga vegetation fragments is lacking at both regional and continental scales (Rocha et al. 2007) .
Studies encompassing Restinga vegetation are still incipient and have been unequally distributed across Brazil's geopolitical regions. Southern and southeastern Restinga sites have been more intensively studied (Lacerda et al. 1984; Araújo 2000; Martins et al. 2008; Lima et al. 2011) , although Guedes et al. (2006) highlighted our lack of knowledge about the floristic and phytosociological structures of restinga vegetation in São Paulo State. Most of the works produced so far have been limited to floristic and vegetational aspects, with little emphasis on environmental patterns and processes. Bahia State has the longest coastline in the country (ca. 1200 km), but studies there have been scarce and concentrated mostly along its northern shore (e.g., Britto et al. 1993; Queiroz 2007; Menezes et al. 2009; Queiroz et al. 2012) .
Restingas are highly diverse habitats, although they generally harbor fewer species than other forest types within the Atlantic domain (Almeida Jr. et al 2009; Lima et al. 2011) . Restinga vegetation is normally established on geologically recent sediments originating from deposition by marine regressive movements during the Pleistocene and Holocene periods. The young ages of these habitats have not provided sufficient time for speciation to occur -a factor often cited as the principal explanation for their scarcity of endemic taxa (Scarano 2002; Castro et al. 2012) . These communities are therefore composed mostly of elements from other vegetation types -with the Atlantic domain being considered the main source of their species (generally more than 50% of the total numbers of species) (Assis et al. 2004) . However, there are also reports of contributions from Cerrado (Neotropical Savanna), Caatinga (Seasonally Dry Tropical Forests and Woodlands), and Amazonia floras (Cerqueira 2000; Sacramento et al. 2007; Castro et al. 2012) .
Taking into consideration the young geological age and scarcity of endemism in Restinga vegetation, we hypothesize that the flora of Restinga forests is composed mostly of elements that have migrated from neighboring wet forest areas rather than arising from in situ speciation. This hypothesis can be tested by demonstrating that the floras of Restinga forests are more similar to those of geographically close rain forests than to other (more remote) Restinga forest sites, and we present here comparative analyses to that end. We also report the results of floristic studies of Restinga forests from southern Bahia that can help fill gaps in our knowledge of the floristic compositions of Restinga forests in an important center of diversity in the Atlantic domain.
Materials and Methods

Study areas
The survey areas encompassed four sites in southern Bahia State, Brazil (Fig. 1) , in the municipalities of Itacaré (Mata do Santo Amaro -MAS) and Maraú (Mata do Caubi -MC; Mata da Estrada Maraú-Itacaré -MMI; and Mata da Piracanga -MP; Tab. 1). The region is part of the Atlantic domain, with a mean annual precipitation between 1,200 and 2,400 mm, with the rainy season extending from March to July, without a dry period; the mean annual temperature is approximately 25 °C, with small oscillations between the minimum and maximum mean temperatures of 20 and 26 °C -an Af climate type according to the Köppen (1948) system (C.E.I. 1993).
The Restinga Forests in the survey region grow on well-preserved coastal ridges ranging from 5 to 8 m a.s.l. The substrate is sandy, and originated from ocean regressions following the Pleistocene transgression (Martin et al. 1980) . Forest fragments are surrounded by open, seasonally flooded grasslands (Silva & Britez 2005) that grow in lowland areas between mountain ridges, with pools forming during the rainy period. These grasslands are characterized by a well-developed herbaceous layer with sparsely distributed woody plants (Silva & Britez 2005) . Figura 1 -Mapa do Brasil mostrando a localização das áreas comparadas nas análises de similaridade; círculos indicam áreas de florestas de Restinga e triângulos áreas de florestas pluviais. Em detalhe, limites dos municípios de Itacaré e Maraú (estado da Bahia), destacando a extensão de sedimentos arenosos do Quaternário e os sítios de florestas de Restinga (círculos) onde foram realizadas amostragem florística. Estados com áreas usadas nas análises de similaridade e agrupamento estão em cinza mais escuro: BA= Bahia; CE= Ceará; ES=Espírito Santo; PB=Paraíba; PE=Pernambuco; RJ= Rio de Janeiro; SP= São Paulo.
The four Restinga forest fragments studied here are classified as non-flooding Restinga forests, according Silva & Britez (2005) , although all of them show micro-topographical variations with certain localities subject to periodic flooding. The forest canopy is approximately 15 m tall, although some emergent species may reach 22 m.
Floristic Surveys
Floristic surveys were carried out between March/2013 and February/2014 during nine field trips. The plant specimens were gathered and processed as described by Mori et al. (1989) . Biological forms were assigned to each species following Whittaker (1975) : trees (woody, ≥ 3 m tall), shrubs (woody, <3 m tall, usually multistemmed), herbs (self-standing, not woody), vines (climbing, woody or not woody), and epiphytes (growing on other plants). Trees and shrubs were collected even if they were not fertile, but other biological forms were sampled only when flowering and/or fruiting.
All collected materials were deposited in the State University of Feira de Santana herbarium (HUEFS). Identifications were made using taxonomic monographs and floras, by comparisons with identified specimens in the HUEFS and CEPEC (Herbário André Maurício Vieira de Carvalho, Centro de Pesquisas do Cacau) herbaria, and by consulting specialists of specific taxonomic groups. The species are arranged according the APG III (2009) 
Similarity and correlation analyses
In order to test the putative effects of geographical distances from wet forests on the floristic compositions of Restinga forests, we prepared a binary matrix (presence/absence) based on the floristic lists of eleven Restinga forest and nine wet forest sites (Tab. 1; Fig. 1 ). All wet forest sites were within the Atlantic domain and less than 200 km from the Restinga forests sites investigated.
We excluded from the dataset any taxa identified only to the genus or family levels, or species with inaccurate identifications (affine [aff.] or confer [cf.]). Infraspecific ranks were not considered, and subspecies and different varieties were therefore regarded as the same species. The consolidated floristic list of the 20 areas comprised 2,431 species (Supplementary material).
The sites were compared by cluster analysis using Jaccard's coefficient (Mueller-Dombois & Ellenberg 1974 ) and the Unweighted Pair Group Method using Arithmetic averages (UPGMA) with bootstrap support calculated from 1,000 replications using Past software (Hammer et al. 2001) . Principal Component Analysis (PCA) was also performed using the same dataset and software cited above.
The Mantel Test using XLSTAT software was employed to assess correlations between the geographic and floristic distances of all sites (Addinsoft 2007) . Floristic distances were estimated using the Jaccard coefficient, calculated with Past software (Hammer et al. 2001) . Geographical distances were assessed by considering a central coordinate for each site, and the distances between areas were then measured using the Google Earth ruler tool. The significance of the Mantel test was calculated using the Monte Carlo test, with 10,000 permutations.
Results
The floristics of restinga forests in southeastern Bahia
A total of 302 angiosperm species belonging to 184 genera and 75 families were surveyed (Tab. 2), with 295 taxa being identified to the species level. The richest families in terms Amorim et al.(2008) of their numbers of species were: Fabaceae (35 species), Myrtaceae (25), Rubiaceae (21), Sapotaceae (13), Bromeliaceae (12), Annonaceae (11), Erythroxylaceae (10), Melastomataceae (9), and Apocynaceae (8). Together, these families comprised 47.7% of the total number of species sampled. The richest genera were Myrcia (12 species), Erythroxylum (10), Aechmea (8), Miconia (8), and Psychotria (7). Among biological forms, trees were the most abundant (213 species / 70.5%), followed by shrubs (39 / 12.9%), vines (24 / 7.9%), herbs (19 / 6.3%), and epiphytes (7 / 2.3%).
Phytogeographical domain assignments resulted in 144 species (47.7%) identified as being endemic to the Atlantic domain, 34 species (11.2%) disjunct between the Atlantic and Amazonia domains, 72 species (23.8%) continuously distributed throughout the Atlantic and Amazonian domains, and 45 (14.9%) throughout the Atlantic, Caatinga, and Cerrado domains. Among the species endemic to the Atlantic domain, 58 (19.2%) were restricted to the area between southern Bahia and northern Espírito Santo. 
Similarity and correlation analyses
Similarity analysis indicated the formation of five groups (A -E) with low similarity values, but with high support values, except group A (Fig. 2) . Four groups include Restinga and wet forests, with: Group A comprising the sites in Rio de Janeiro and southern Espírito Santo states; group B comprising the sites located in Bahia State north of Todos os Santos Bay to Paraíba State; group C comprising the only site examined in Ceará State; group D comprising sites in southern Bahia and northern Espírito Santo states; and group E comprising the sites in São Paulo State.
PCA axis 1 and 2 (accounting for 34.4% of the observed variance) supported the separation of groups D and E from a group formed by the A, B and C sites. The Mantel test indicated a significant negative correlation between geographic distance and floristic similarities (r = -0.452; p < 0.0001).
Discussion
The floras of the southern Bahia Restinga forests
The species richness of the study areas were found to be similar to those of other Restinga forest surveys (Martins et al. 2008; Castro et al. 2012) , but approximately three times lower than neighboring wet forest formations of the Atlantic domain (Amorim et al. 2008; Amorim et al. 2009 et al. (2005) environmental filters that limit the establishment of lineages not adapted to the unique conditions of Restinga habitats. The most species rich families encountered in our surveys (Fabaceae, Myrtaceae, Sapotaceae, and Rubiaceae) were also among the most important families reported in other Restinga forest sites (Assumpção & Nascimento 2000; Assis et al. 2004; Martins et al. 2008; Silva et al. 2008) . Myrtaceae taxa are typically found on soils with low fertility (Berry 1915) and are important components of Restinga vegetation along the entire coast of Brazil. Erythroxylaceae and Melastomataceae, on the other hand, generally contribute very few species to the Restinga forest floras, although they are well-represented in wet forests of the Atlantic domain (Stehmann et al. 2009 ); Erythroxylaceae also shows high richness in the Cerrado domain (Ratter et al. 2003) . Bromeliaceae was among the five richest families in the Restinga forests studied. This family is highly diverse in eastern Brazil (Smith & Downs 1979) and is the most diverse family of epiphytes in the Atlantic domain (Borgo & Silva 2003; Giongo & Weachter 2004 ) -but has relatively little importance in sites along the northern coast of Brazil (Castro et al. 2012) . Thus, the high richness of families such Melastomataceae, Erythroxylaceae, and Bromeliaceae is probably idiosyncratic in southern Bahia Restinga forests.
Myrcia and Psychotria were among the most species rich genera in the study sites, and have likewise been reported as being highly diverse genera in Restinga forests (Martins et al. 2008 ) and other forest types in the Atlantic domain (Amorim et al. 2009; Stehmann et al. 2009 ). Aechmea, Erythroxylum, and Miconia were recorded here for the first time as being among the most diverse genera of Restinga forests.
Epiphytes are poorly represented in southern Bahia Restinga forests, in agreement with reports from coastal forests in the neighboring Espírito Santo State (Pereira et al. 1998) .
The presence of species disjunct between Atlantic and Amazonian wet forests reinforces the hypothesis of past connections between these two forest blocks. It has been hypothesized that connections were possible during the wetter periods of the Quaternary due to the expansion of those wet forests and/or the emergence of ecological corridors (Bigarella & Andrade-Lima 1982) . About 8% of the species found in forests in southern Bahia have this distribution pattern (Mori et al. Figura 2 -Resultado da análise de agrupamento (UPGMA) entre áreas de florestas de Restinga e florestas pluviais do domínio Mata Atlântica (acima) mostrando a formação de cinco grupos principais de acordo com índice de similaridade de Jaccard. Números nos grupos são valores de suporte de bootstrap (1.000 replicações). Análise de componentes principais (PCA) entre as mesmas 20 áreas é mostrada abaixo ressaltando os quatro grupos maiores (A, B, D e E) nos dois primeiros eixos (34,4% da variância total). A única área do grupo C (São Gonçalo do Amarante, Ceará) está incluída nos polígonos formados pelos grupos A e B.
highlighted by Guedes et al. (2006) and Lima et al. (2011) , and seem to be determined by factors related to their nutrient-poor and well-drained sandy soils (Almeida Jr. et al. 2009 ). Edaphic conditions are therefore presumed to act as 1981; Amorim et al. 2008) , but less than 4% of Restinga species in Rio de Janeiro State (Araújo 2000) . These findings indicate that proximity to southern Bahia wet forests ("Hileia Baiana") accounts for higher proportions of species from Restinga forests in South Bahia showing AtlanticAmazonia disjunction patterns than those in other areas (Pereira & Araújo 2000) .
Some species encountered in the Restinga forests studied here occur from Atlantic domain forests through to the Caatinga and Cerrado domains, occasionally reaching the Amazon region. Oliveira-Filho & Ratter (1995) concluded that these distribution patterns could have been established through two distinct processes: by interchanges of species between deciduous and semi-deciduous forests (requiring the presence of high to medium fertility soils); or the expansion of species from gallery forests (that could have acted as ecological corridors for wet forests trees across central Brazil).
Southern Bahia and northern Espírito Santo State show high levels of endemism and diversity (Thomas et al. 1998; Murray-Smith et al. 2008) -which has been attributed to the environmental stability of a putative ecological refuge during the climatic fluctuations of the Quaternary period (Carnaval & Moritz 2008) . The few endemic species observed in Restinga vegetation (Lima et al. 2011) probably reflect the more recent origin of its geological substrate (Scarano 2002) .
Are Restinga forests a subset of Atlantic wet forests?
Multivariate analyzes demonstrated (with high bootstrap support) that Restinga forest sites did not group together, yielding instead mixed groups of Restinga forests and neighboring Atlantic wet forest sites. The Mantel test results reinforced the influence of geography on the similarities between areas, demonstrating that geographically closer areas tend to be more similar -even though they did not necessarily share similar ecological conditions (as with Restinga and wet forests).
The low similarity values observed are the result of only small numbers of species being shared between sites, and reflect the fact that different areas had floristic particularities that are probably the result of the environmental heterogeneity that characterizes Brazilian Restinga sites (Araújo & Henriques 1984; Magnago et al. 2011) .
The fact that Restinga forests: (1) have few endemic species; (2) are of recent geological origin; and (3) most species (~94%) also occur in wet forests in the Atlantic domain (Stehmann 2009 ), reinforce the hypothesis that Restingas are marginal habitats and that their floras are subsets of the floras of adjacent wet forest areas (Scarano 2009 ). These wet forests thus serve as sources of species able to overcome environmental filters imposed by unique restinga soil conditions (Assis et al. 2011) . The proximity of wet forests that serve as sources of propagules should have strong influences on community assemblages and diversity patterns in Restinga forests (Assumpção & Nascimento 2000; Almeida Jr et al. 2009; Santos et al. 2012) . This floristic continuity, together with evidence that tropical forest trees can disperse pollen over long distances (up to 20 km; see Ward et al. 2005 for a review), suggests that gene flow can occur between Restinga forest plants and populations in adjacent wet forests -and would account for low speciation rates and low endemism.
The Restinga forest sites of Bahia State clustered into two groups: 1) sites north of Todos os Santos Bay in group B and other sites from northeastern Brazil; and 2) sites in southern Bahia in group D and sites from northern Espírito Santo State. This finding reinforces previous reports that the Restinga vegetation of Bahia State forms two blocks -with sites located in the southern portion of that state being more similar to Restinga sites in Espírito Santo and Rio de Janeiro than to sites located in northern Bahia (Araújo 2000) . The differentiation of these floristic blocks could reflect distinct climate types (a moist tropical climate with no dry season in the southern region, and a seasonal tropical climate with a dry winter in the northern region) (Peel et al. 2007; Alvares et al. 2013) . Seasonality thus represents another factor that can influence the floristic composition of Restinga forests located north of Todos os Santo Bay, and this is corroborated by the presence of species that are typical of seasonal environments in group B sites, such as Commiphora leptophloeos (Mart.) J.B.Gillett (Burseraceae), Jatropha mollissima (Pohl) Baill. (Euphorbiaceae), and Syagrus coronata (Mart.) Becc (Arecaceae).
Substructuring according to elevation was noted in group D, with one group being formed by lowland areas ("tabuleiros") and Restinga, and another group formed by montane and submontane forests. Despite the environmental heterogeneity attributable to elevation, this group is well-supported (95% bootstrap). Even though geographically distant, the inclusion of the Linhares area into this group was expected because of an apparent floristic gradient between the forests of northern Espírito Santo and those of southern Bahia State (OliveiraFilho & Fontes 2000) .
The areas located in the states of Rio de Janeiro and São Paulo formed two distinct groups by cluster analysis (groups A and E respectively). These two groups are located on the southeastern coast of Brazil (Villwock et al. 2005 ) an area that is characterized by the presence of the Serra do Mar mountain range. Coastal geology therefore also seems to influence the floristic composition of Restinga vegetation (Pereira & Araújo 2000) . Despite their geological affinities, groups A and E are subjected to different climatic regimes (Peel et al. 2007; Alvares et al. 2013 
